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The LHCb has reported the observation of a resonancelike structure, the Pc(4450), in the J/ψ p
invariant masses. In our work, we discuss the feasibility of detecting this structure in J/ψ photo-
production, e.g. in the measurements that have been approved for the experiments in Hall A/C and
in Hall B with CLAS12 at JLab. Also the GlueX Collaboration has already reported preliminary
results. We take into account the experimental resolution effects, and perform a global fit to world
J/ψ photoproduction data in order to study the possibility of observing the Pc(4450) signal in future
JLab data. We present a first estimate of the upper limit for the branching ratio of the Pc(4450) into
the J/ψ p channel, and we study the angular distributions of the differential cross sections. This
will shed light on the nature and couplings of the Pc(4450) structure in the future photoproduction
experiments.
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I. INTRODUCTION
In 2015, the LHCb collaboration announced two resonancelike structures in the Λ0b → K−(J/ψ p) channel [1], which
are compatible with pentaquark states, and there are many theoretical works on deciphering their nature. On the
one hand, it has been argued that these structures might not be resonances, but just kinematical effects [2–5]. On
the other hand, were it to be confirmed that the states are real resonances, the doors are still left open for different
theoretical explanations to their existence: they can be described in terms of pure quark degrees of freedom [6–10],
or they might be loosely-bound meson-baryon molecular states [11–16]. Studies of exclusive meson electroproduction
with CLAS [17] also offer an additional opportunity for the Pc(4450) structure as a combined contribution of an inner
core of constituent quarks and an external meson-baryon cloud.
The goal of our work [18] has been to develop theoretical tools to help the experimental confirmation of the resonant
nature of the pentaquark-like structures. In particular, we focus on the narrower of the two states, the Pc(4450) of
total width Γr = 39 ± 5 ± 19 MeV and mass Mr = 4449.8 ± 1.7 ± 2.5 MeV. We analyse the two favored spin-parity
scenarios: Jr = 3/2
− or Jr = 5/2+.
It has been proposed [18–21] that in order to exclude the nonresonant scenario, photoproduction experiments would
be of use: if the pentaquark-like signal is also seen in J/ψ photoproduction off proton targets, then the resonant nature
of the state seen by the LHCb would be confirmed, since then the explanations of kinematical effects would not apply.
A further advantage of these photoproduction experiments is that the resonance peaks would be just above the
threshold of J/ψ photoproduction, where thus the background is very low compared to the hadronic production
experiments. This should improve the possibility of observing the resonance peak, also for a relatively moderate
resonance cross section.
Our previous work in Ref. [18] has helped motivating the proposal of J/ψ photo- and electroproduction experiments
at JLab, several of which have already been approved with high priority rating [22]. We made predictions for the
dependence of the J/ψ photoproduction cross sections on the photon energy and the scattering angle, constrained
by fits to the world data existing at the time. These were mainly high-energy data [23, 24], which helped fitting the
background parametrization. Concerning the low-energy data, they were extremely scarce, and only for the forward
direction [25, 26]. In particular, around the energy where the pentaquark state would be expected, there existed only
two data points. We developed a phenomenological model for the description of J/ψ p photoproduction, fitted to
the available experimental data mentioned above. This model allowed for a first prediction of the upper limit of the
branching fraction for the channel Pc(4450)→ J/ψ p.
Due to the renewed interest in J/ψ photoproduction experiments, we are also interested in studying polarization
observables, such as the asymmetry KLL and the spin-density matrix elements (SDMEs). In the following, we
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FIG. 1: Model [18] contributions to the J/ψ photoproduction. The nonresonant background is modeled by an effective Pomeron
exchange (a) while the resonant contribution of the Pc(4450) in the direct channel (b) is modeled by a Breit-Wigner amplitude.
summarize our model formalism, and show the results for the abovementioned observables and the estimated upper
limits.
II. REACTION MODEL
The processes contributing to γ p → J/ψ p in our model are shown in Fig. 1. They include a non-resonant
background via an effective t-channel Pomeron exchange, using existing high-energy data to constrain the parameters.
To describe the baryon-resonance photoproduction we use the model of [27], which bases on a Breit-Wigner ansatz
that saturates the s-channel. The details are given in our previous work [18].
It is unknown what the sizes of the couplings are, that describe the hadronic (three independent couplings gi, due
to the three possible helicity states of the J/ψ in the final state) or electromagnetic (two independent couplings Ai)
decays of the Pc(4450) into the J/ψ p or the γ p channels, respectively, neither from the experiment nor from quark
models. Thus, we made a first estimate: first, we set all the gi to be of the same size, gi = g; then, we fixed the
photocouplings A1/2 and A3/2 by assuming vector-meson dominance (VMD), as had already been done in Ref. [20].
By doing so, all these couplings are directly related to only one unknown parameter, the branching fraction Bψp of the
pentaquark into the J/ψ p channel. We fitted this parameter to the experimental data, together with the parameters
from the Pomeron-background piece of the amplitude.
III. RESULTS
Figure 2 shows the results of the fits for different scenarios of spin assignment and smearing due to experimental
resolution. For each of these scenarios, a new fit was performed. We found that the upper limit for the branching
ratio Bψp at a 95% C.L. ranges from 23% to 30% for Jr = 3/2, depending on the experimental resolution, and from
8% to 17% for Jr = 5/2. The resulting hadronic couplings, as well as the photocouplings, are summarized in Table I
for the spin-3/2 scenario.
The results allow for the existance of a structure at 10 GeV, that can be observed in the exclusive J/ψ p photopro-
duction/quasiphotoproduction experiments planned at Jefferson Lab in the 12 GeV era [22]. A fine energy-binning
scan in that region might reveal this structure, since the upper limit for the branching fraction is rather large, thus
seeming promising for a pronounced peak to be seen.
In view of the ongoing and future experiments at JLab, it is also interesting to study other polarization observables,
such as the asymmetry between the helicities of the incoming photon and the outgoing proton KLL (++ for parallel,
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FIG. 2: Comparing data (solid circles) with the fit results at a 1σ (68%) C.L., as discussed in the text, for near-threshold
differential cross section data [25, 26] in the forward direction. In (a), no smearing due to the experimental resolution of the
photon energy was performed, while (c) and (d) take into account a resolution of 60 MeV and 120 MeV, respectively. In (b)
and (c), both the spin-3/2 (upper panel) and the spin-5/2 (lower panel) cases are shown.
4TABLE I: Upper limits at the 2σ C.L. for the resonance parameters (as explained in Sec. II) obtained for the Jr = 3/2
assignment. We considered three possible values for the experimental resolution σs. The final row,
dσ
dt
|Eγ=Er,t=tmin (nb GeV−2),
shows the value of the differential cross section at the resonance energy in forward direction.
JPr 3/2
−
σs (MeV) 0 60 120
Bψp ≤ 29% ≤ 30% ≤ 23%
g (GeV) ≤ 2.1 ≤ 2.2 ≤ 1.9
A1/2,3/2 (GeV)
−1/2 ≤ 0.007 ≤ 0.007 ≤ 0.006
dσ
dt
|Eγ=Er,t=tmin (nb GeV−2 ) ≤ 21.8 ≤ 7.2 ≤ 3.1
and +− for antiparallel helicities), and the SDMEs ρij :
KLL =
dσ(+−)− dσ(++)
dσ(++) + dσ(+−) , (1)
ρmm′ =
∑
µ1µ2µ3
Aµ1µ2µ3mA
∗
µ1µ2µ3m′∑
µ1µ2µ3µ4
|Aµ1µ2µ3µ4 |2
. (2)
In Fig. 3, our results for these observables are shown, with our best-fit parameters in the spin-3/2 case without
smearing. Due to the ansatz made in our model for the background, these polarization observables are all trivially 0
for the Pomeron piece of the amplitude. They only have non-vanishing sizes for the resonant region. Currently, we
have only explored the sensitivity of the aforementioned polarization asymmetry to the resonant contributions. The
Pc(4450) resonance generates sizable KLL asymmetries and pronounced angular dependencies of SDMEs at forward
angles. We are currently extending our background model such as to take into account the different helicity-dependent
contributions to the Pomeron amplitude [28], thus enabling us to give predictions for these observables useful for the
experiments to come.
IV. SUMMARY
We studied the possibility of observing the Pc(4450) resonance in J/ψ photoproduction in future and ongoing
experiments. We used a simple two-component model containing an s-channel resonance and a t-channel Pomeron
background.
The Pc(4450) resonance signal might be observed in experiments on exclusive near-threshold J/ψ photoproduction
off protons planned at Jefferson Lab [22]. We showed that the resonance peak might have escaped detection until
now due to poor energy resolution, and gave predictions to observables such as differential cross sections, SDMEs
and asymmetries. These can be used in the analyses of the experimental results on exclusive J/ψ photoproduction
aimed for the new Pc state search. We also gave a first estimate for the upper limit of the branching fraction of the
pentaquark into the J/ψ p channel.
These studies are of interest for the future experiments on the pentaquark search in exclusive J/ψ photo-
/electroproduction at Jefferson Lab in the 12 GeV era [22]. It is important to mention that, if the pentaquark
state is not seen in those experiments, its existence is not necessarily refuted. This fact could simply point to the
small size of the photo-/electrocouplings, calling for other processes to study it better.
The code for the evaluation of all the observables studied in the present work based on the approach presented here
is available on the JPAC webpage [29].
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FIG. 3: Angular distributions of polarization observables with our fit results for the scenario of a spin-3/2 pentaquark. The
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